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IITLE
PROCESS FOR DEPOSITING HIGH TEMPERATURE
SUPERCONDUCTING OXIDE THIN FILMS
BACKGROUND OF THE INVENTION
Eield of the Invention

This invention relates to a process for producing
thin films of high temperature superconducting oxides
and other materials requiring high growth temperatures.
Refexences

The discovery of superconductivity at temperatures
above 77 K, the boiling point of liquid nitrogen, in
oxides such as YBazCu3Oj-x has stimulated a great deal of
work over the past four years. Examples of other high
temperature superconducting copper oxides which have
been discovered during this period are the various Bi-
based copper oxides , the various Tl-based copper
oxides, the mixed Bi-Tl-based copper oxides and these
superconducting oxides substituted with Pb and other
substituents.

Much of the work relating to the use of these high
temperature superconductors (BRTSC) in microelectronic
applications has been focused on the growth of high
guality thin films. At microwave frequencies, 1-10C
GHz, high quality superconducting thin films can have
significantly lower values of surface resistance than
copper or gold films. This low surface resistance is
important for making high-performance thin film
microwave circuits such as filters, resonators, and
delay lines.

HTSC thin-films have been prepared by & number of
deposition methods including evaporation, sputtering,
jaser ablation, and metallo-organic chemical vapor
deposition (MOCVD), see, for example, R.W. Simon, Solid
State Technology, p. 141, September, 1989 and J.

AN



Thi s invenfion relates to a process for producing thin filnms of high

t enper at ure superconducti ng oxi des and other materials requiring high
growt h tengeyddriged$- 10 References The di scovery gér/usot/09047
superconductivity at tenperatures 2> above 77 K, the boiling point of
liquid nitrogen, in oxi des such as YBa[err]Cu[err](err] has

stinul ated a great, deal .of stchougyear Ex3jgy es of
other high 15 eltaaélr‘r'ﬁé:rcét"ﬁr 8%5%&2%%%%2%%@&%6 erbgii'dgggmhi%ﬁ?%av,e
been di scover ed RUISPI§ Bridipghand Bhe (h¥IWari dsaii- of the thide Fiddpper

oxi des , the varddyssiflohapedceeBRS! for RTS®XM:i%R mhbergaxed e Tl - based
copper oxi des and 't hese

super conducti ng ,oxi.des substitpted with Pb
and other 20 ShsdTptGefheyperature is %AﬁﬁigﬂcaehgaﬁGFEtFélgﬁing to the
use of theseshi gletermining the film guality. When the temperature of
the substrate onto which the thin £ilm of YBazCu3Oj-x is
being deposited is low, i.e., less than about 400°C ,
the resulting film is amorphous and insulating. A high-
temperature post-deposition anneal at 800-900°C in
10 oxygen is required to convert the amorphous precursor
film into a superconducting film with the correct
crystal structure. This two-step process is referred to
as a "post-anneal" process. However, under proper
deposition conditions when a thin-film of YBazCu3O7-x is
15 deposited on a hot substrate, i.e., one at a temperature
of about 550-750°C, the resulting thin-film is
crystalline and superconducting directly as deposited.
This process is referred to as an "in-situ" process.
Films produced by an in-situ process have less surface
20 roughness and generally superior properties when
compared to films from a post anneal process. The
in-situ deposition process has the added advantage oIf
lower processing temperature requirements which makes
the process compatible with a wider variety of substrate
25 materials. In-situ processes based on laser ablation
and sputtering have been found to produce high quality
thin films of YBazCu307-x on various substrates.
All in-situ processes require a method of heating
substrates uniformly and reproducibly to the required
30 deposition temperature. At the present time, the best
methods for Yj;BazCu307.x thin films involve direct
thermal and mechanical anchoring of the substrates to a
heated block as discussed in R. W. Simon, SPIE
Proceedings Vol. 1187, p 2, edited by T. Venkatesan,
35 published by SPIE Bellingham, WA, (1989). The heated
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t enper at ure superconductors (HTSC) in mcroelectronic applications

has beewdoguogst on the grow h of high qual ity thin gdp/ime1/00047
m crowave frequencies, 1-100 25 GHz, %igh quality superconducting thin
filnms can have significantly | over val ues of surface resistance than

copper or gol ®P¥eg¢kmusthbe padesoff ackaresial fhat is compatibdervith for

maki ng hi gh- peid c&:ggag&e aithiod i;ekm and ha§1§6mﬁaﬁcébhaué€9@i@3 filters,
resonators, and

el.a i.n-fil s have been
prepared by a ?ﬁﬁﬂ)é‘rs 6’(!1 cke s%ﬁ%%l??%‘%?ﬂéﬁ‘?&%d?ﬁg tR%aporati on,
sputtering, subst detecr t@bltatel bliocknhasepabven wegde antiialshé arxpor

?Zﬁﬁﬁbf 1)89,( %ot iﬁseeif Orfogxiggég gig\’mﬁké@hé% Qausd o State
‘subtrate breakage Good thermal contact between the
substrate and the block is usually provided.by a
compound with high thermal conductivity such as silver
paste. However, this introduces the complication of

10 removing the paste from the back of the substrate
usually by polishing or etching. 1In addition, the
direct thermal contact method is not compatible with the
deposition of an in-situ film on both sides of the
substrate. The thermal contacting compound can interact

15 with the £ilm on the back surface of the substrate and
the compound is difficult to remove without damaging the
film underneath.

The ability to deposit high quality superconducting
thin f£ilms on both sides of a substrate is important for

20 certain microwave circuit applications in order to
improve performance and reliability. The film on one
side of the substrate would serve as the ground plane
while the film on the other side would be patterned into
a microwave circuit. This invention provides a non-

25 contact method of heating substrates to elevated
temperatures for the purpose of depositing crystalline
thin £films of compounds, particularly films of high
temperature superconducting oxides, requiring elevated
growth temperatures on one or both sides of the

30 substrate.

SUMMARY OF THE JINVENTION
This invention provides an improved in-situ process
for depositing on a substrate a crystalline thin film of
a compound requiring an elevated growth temperature,
35 i.e., a growth temperature of about 100°C to about
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2 Tal vacchio et al., SPIE Proceedings Vol. 1292, published by SPIE
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filmaquality. Wen the tenperature of the substrate onto

2RAMpotREl eeghEringhe §86WE N | iinddrature 8FDABHEYSSGORE
t h_abcaut‘. 900°C and therefore is especially useful for
depositing a f£ilm of an oxide, e.g., a2 high temperature
superconducting oxide. The improvement comprises
exposing the back surface of the substrate, i.e., the
surface of the substrate opposite the surface on which
the thin film is deposited, to radiation from a radiant
heat source thereby heating the substrate to the desired
growth temperature and maintaining the radiation (and
thereby the desired growth temperature) during the
deposition of the thin £film. Deposition can be carried
out using any method, e.g., by sputtering, laser
ablation, evaporation, metallo-organic chemical vapor
depositon, spray pyrolysis or any other technique.

When the substrate is transparent to the radiation
of the radiant heat source, the back surface of the
substrate is coated with a layer of material to absorb
the radiation prior to the exposure to the radiation.
This absorbing material can be the same compound as that
of the thin film prepared in-situ using the proocess of
this invention. This invention thus provides a process
for preparing thin films of compounds requiring elevatecd
growth temperatures, e.g., high temperature |
superconducting oxides, on opposite sides of a
substrate. The two thin f£ilms can be of the same
compound. Superconducting films on both sides of a
planar -substrate would be especially useful for certain
microwave applications with one plane serving as the
ground plane and the other patterned to form one or more
elements of a microwave circuit. The thin film on the
back surface of the substrate is deposited first and can
be deposited by any method, e.g., by sputtering, laser
ablation, evaporation, metallo-organic chemical wvapor
depositon, spray pyrolysis or any other technique. The
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tenperature post-deposition anneal at 800-900[err]C in oxygen is required
to convert the. anorphous precursor filminto a superconducti filmwth
the corW@cﬁz’lﬂaﬁstal structure. This two-step process is rECEﬂ?%‘H’W?as a
"post - anneal " process. However, under proper deposition conditions when a
thin-film of gEH£err]Cu[err C{errk I's deposited on a hot, subs ate i.e.,
one at a tenp HELP56 BfrPRe SURSHTALA« 1§ vhtRSf i imis
crystalline aﬁdoumuxuxxuuﬂuﬁﬂ m@edsubstkltes flepdepdsitedlivisdngr bbess i s

referred to a nody g&rh héﬁ o&rg%ﬁisinﬁkkg§ Rroduced by an in-situ process

have | ess surtace roug Ness i erlor properties when conpared
to films froma post ann8&d 28.a884AL KN Ly Feasar| on process has the

added advant age ofi n rarsoce,sglcmmherﬂeeaﬂu{ﬁg B TRINeS wabi 6B makes
t he process conp i th a wi,der variety of substratg
cing the in-situ process of the invention.
Figure 2 shows the measured superconducting
transition for YBasCu3Oj.x films on the front and back

surfaces of a 1 inch (2.5 cm) square LaAlO3 substrate.

10

For brevity, the surface of the substrate on which
the thin film is deposited by the in-situ process of the
invention will be referred to herein as the “front
surface" of the substrate. The opposite surface of the

15 substrate will be referred to herein as the "back
surface"” of the substrate,

Many oxides are compounds which can be deposited by
the method of this invention. Of particular interest
are the high temperature superconducting oxides such as

20 MBazCu3z07-x , wherein M is Y or a rare earth metal and x
is from about 0 to 0.3, the various Bi-based copper
oxides , the various Tl-based copper oxides, the mixed
Bi~Tl-based copper oxides and these superconducting
oxides substituted with Pb and other substituents.

25 The substrate can be any substrate suitable for the
growth of the particular compound. Unit cell
parameters, thermal expansion and lack of reaction with
the compound are considerations that must be addressed
in choosing a substrate. Substrates used successfully

30 with other processes for the deposition of a particular
compound will be useful for the deposition of
crystalline thin £ilms of the same compound using the
process of the invention.

The substrate is heated by directly exposing the

35 Dback surface of the substrate to radiation from a
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materials. In-situ processes based on | aser ablation and sputtering have
been fdund“kpg'ﬂiﬁ;l,lce high quality thin filns of YBa[err]Cu|

r %rr! on
vari ous substrates. Appl . Phys. Lettg Vol 57 N[err]19,i5%}é%ﬁ 994D 1

di scl oses a process for depositing crystalline thin filnms of

YBa[err]Cu[err ] tQ.a.p t heat i
bacL su]r f aE:e vm] %ng%ﬁ_r%oﬁ%og ‘gf;rst"% z%rsrpat éegggf égﬁéée}ng’a%épogi %’?ﬁ .
YBa[err]Cu[err]CfE+?Te%ﬁuPﬁiﬂﬁ(ﬂqﬂﬁq/R@nOFh§°ﬂmenﬁis¥#¥?ﬁxai18bleAhBatﬁrs!tu
processes requirsoasnEtTusiﬁidﬂxﬁﬂidai:%ﬁb?h?EtSé éﬁhﬁf!{ﬂﬂé @H?RVEEES?UC'b|y
to the required jtion te rature. e _prese I me e

ngthods fgr Y[ergfégfgé# Qlﬁﬁéagiﬁﬁﬁﬁﬂ BenSPPFRE 3 cﬁ%ﬁaﬁﬁq§§fftfhernal
and nechani cdl amepbrhepasitionesiiiszt thintsthe propet esimdimclofas di scussed
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ereby raising the temperature of the substrate to a
temperature at which growth of the compound will occur.

Many common substrates such as sapphire and quart:z
which are used for thin film growth are transparent to
the radiation from a radiant heat source. Therefore,
prior to heating and £ilm growth, it is necessary to
coat the back surface of a transparent substrate with a
radiation absorbing layer to absorb the radiation. Any
material that absorbs the radiation can be used,
although it is preferred to use a material having the
same emissivity as that of the thin film compound to be
deposited on the front surface of the substrate.

This invention also provides, for the first time, a
process for depositiné crystalline thin films on two
sides of a substrate with the crystalline thin films
being comprised of the same or different compounds
requiring elevated growth temperatures. The process
comprises the following steps. A crystalline thin film
of the desired compound is formed on one surface of the
substrate. The thin film can be deposited by any
method, e.g., by sputtering, laser ablation,
evaporation, metallo-organic chemical vapor depositon,
spray pyrolysis or any other technique. The surface of
the substrate containing the thin film, the back
surface, is exposed to radiation from a radiant heat
source thereby heating the substrate to the desired
growth temperature of the desired compound of the second
thin film to be formed on a second surface of the
shbstrate, the front surface, and this exposure is
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3 block nust be made of a material that is conpatible with an oxygen
at nrosphere and has good thermal conductivity such as nickel. Sinple
nmechani WO VW8T ng of the substrates to the bl ock has proP&T/USINE9047

~unreliable and is not useful for large area substrates because of subtrate

br eakage. Good thermal contact between the
g maintained during the é%pogltion of the second thin film

so that the temperature of the substrate is maintained
at the desired growth temperature . This second thin
film can be also be deposited by any method, e.g., by

S sputtering, laser ablation, evaporation, metallo-organic
chemical vapor depositon, spray pyrolysis or any other
technique. The two thin £ilms can both be comprised of
superconductoring compounds, high temperature
superconducting compounds or the same high temperature

10 superconducting compound.

Figure 1 is a schematic drawing showing one way of
practicing the in-situ process of the invention. In
this embodiment, there is provision for depositing thin
films on two substrates simultaneously. The two

15 substrates 1 are placed in substrate holding openings in
an enclosure 2 containing a radiant heat source 3, one
for each substrate. If the substrates are transparent
to the radiation from the radiant heat sources,
absorbing layers will have been deposited on the back

20 surface of each substrate before they are placed in the
enclosure 2, and the substrates are placed in the
holders so that the sides of the substrates with the
absorbing layers are facing the radiant heat sources.
Off-axis sputtering from two sputtering gquns 4 is the

25 method of deposition shown in the figure, although any
deposition technique could be used. Means are provided
to rotate the radiant heat source and substrate holder
2. The components shown in Figure 1 are situated in a
vacuum system in order to carry out sputtering.

30 The in-situ growth of a thin film of the high
temperature superconducting oxide MBazCu307-x , wherein M
is Y or a rare earth metal and x is from about 0 to 0.3,
can be carried out as follows. Single crystal LaAlo3'
substrates are preferred and are prepared by depositing

35 a radiant heat absorbing layer on the back surface of
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substrate and the bl ock is usual l'y provided by a conmpound with high thernal
.conduct i V{a@’ as silver paste. However, this introduces '

conpl i cati ngzz?ﬁ;-ém)vi ng the paste fromthe 8back of the subﬁg‘[’?ldw'fl y
by polishing or etching. In addition, the direct thermal contact nethod is

not conpat i bl e gMel uba€-deROS| HhaNcRE1ED £k el abisbBbORg bk Pesi desa Of the
substrate. The ermyl, contactipg. co nd can_interact Wi{h the fjil mon
t he back surfa&éﬂﬁ’f ﬁﬂ'@'sﬂ%gl’f‘age“ﬂngﬁ)fﬁé' &)ﬁﬁ%?é“?@"&i'ff'r&ﬁu £ PBérem)ve
Wi t hout damagi repsentinill thandehhsashsorber Idyexmalfillint pet MBagKLxhi gh
Mpor tant For - S, a9, maPefisby’ ERaE pbEbthe BER B BeRE FHRF Co' i mprove
per f or mance Sandraddatdion spprcghwithont cdegradatdiote woldhke subst rat e woul d
serve as the grguduptRbdR€ This choice, however, enables the
production of a planar substrate with MBasCu3Oj-x thin
films on both sides. The first MBasCu3O;-x film is
deposited on the back surface of the substrate, the
10 surface of the substrate to be directly exposed to the
radiation from the radiant heat source. This film can
be prepared by any technigue. For example, a thin film
of YBazCu307-x can be deposited by co-evaporation of Y,
BaFy, and Cu in the Y:Ba:Cu atomic ratio of 1:2:3
15 followed by a wet Oz anneal at B00~850°C as described by
P. M. Mankiewich et al., Appl. Phys. Lett. 51, 1753
(1987). Films produced with this technique have
transition temperatures, T¢'s, of 91-92 K and low
microwave surface resistance, i.e., ten times lower than
20 Cu at 80 K and 20 GHz. Two substrates, each with a thin
film of YBazCu3z07-x on the back surface, are then loaded
into the substrate holder as shown in Figure 1. Quart:z
halogen lamps are the preferred radiant heat sources
when depositing_films of MBazCu3z0q.x because these lamps
25 are particularly well suited for operation in the high
pressures of oxygen which are useful in growing the
MBasCu307-x £films. The substrates are heated up to about
700° C with the quartz lamps. For deposition by
sputtering, off-axis sputtering using two sputter guns
30 is preferred, as shown in Figure 1. Each sputter gun

contains a sputtering target of stoichiometric
YBazCu309-x.

The onset of superconductivity T¢ in superconducting
films can determined by using an ac circuit to detect
35 dinductance changes in a sensing coil which is
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while the filmon the other side would be patterned into a m crowave
circuit. This_ invention provides a non- contact nethod of heating

subst r ajags ﬁ@mﬁ kevated tenperatures for the purpose of deREIUSHDIH047
crystalline in films of conpounds, particularly films of high

t enper at ure superconducting oxides, requiring el evated growth tenperatures

on one or bot iriduitIvelyt keup 3eBstbatRe sample. The transitSMAOMOF THE
| NVENTI ON Thi s |nvent|on Rrov#des an i roved i.,n- gltu g{ocess f or

deposi ting on % MBSIPSESORIGERICT PFORE SR TEoppnckd 3%Talline
thin filmof adsdgreoted byuslowdyavaeyingtthe dempelratuerpandture, i.e., a
growt h tenper aidi @ s P ewe 1Q8bREALCEEOGEAMY. wWhen the sample

5 passes through the transition, a rapid change in the

resonant frequency occurs and the transition temperature
can be determined.

A planar substrate with YBazCu307-x thin films

10 deposited on both sides was prepared in the following
manner. A 1 inch (2.5 cm) square [100] oriented single
crystal LaAlO3 substrate 0.5 mm thick was cleaned by the
following process. The substrate was flooded with
trichlorotrifluoroethane and methanol and scrubbed with

15 a textured cloth. It was then spray rinsed with de-
ionized water and dried with nitrogen. The substrate
was next soaked in sulfuric acid for 10 minutes and then
immersed in a water bath. The substrate was then rinsed
with isopropancl, spray rinsed with de-ionized water and

20 Dblow-dried with clean filtered nitrogen.

'LaA103 is transparent to the radiation used to heat
the substrate and it is therefore necessary to deposit
an absorbing layer on the back surface of the substrate.
In order to produce a substrate with YBasCu307-x thin

25 £ilms on both sides, the absorbing material used was
YBasCu307-x and it was formed as follows. The cleaned
substrate was loaded into a turbomoclecular pumped vacuum

chamber with a base pressure of less than 8x10-7 mbar
(8x10-5 Pa). Y, BaF, and Cu were co-evaporated onto the

30 unheated LaAlO3 substrate at the appropriate rates to
give an atomic ratio of ¥:Ba:Cu of 1:2:3 in the
deposited film. The total deposition rate at the
substrate was about 2 A/sec (0.2 nm/sec). Y and Cu were
electron-beam evaporated from separate guns and the

35 rates were controlled with Leybold-Heraeus Inficon
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4 900[err]C.

The process is especially useful for depositing a conpound

requiring a growh tenperature of about 500[err]C to about 900[err]C and
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hi gh tenperature superconducting oxide. Theiy nprovenent conprises
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Sentinel III electron impact emission sensors. BaFy was
thermally evaporated from a covered moclybdenum boat and
the rate was controlled with a quartz crystal
evaporation monitior. The co-evaporation was carried
out in the presence of oxygen at 1x10~5 mbar (1x10-3 Pa).
The total film thickness was about 4500 A (450 nm). The
substrate containing the evaporated film was then placed
in a standard quartz-lined tube furnace. The furnace
was heated to 850°C at a rate of about 25°/min and the
film was in wet oxygen, formed by bubbling oxygen
through de-ionized water. The temperature was
maintained at 850°C for 30 minutes, and the film was
then coocled in dry oxygen at a rate of about 5°C/min to
about 500°C and then furnace cooled to room temperature
{about 20°C).

The LaAlQO3 substrate with the YBasCu307-x film on
the back surface was then loaded into a cyro-pumped
vacuum sputter deposition system [Leybold model L560)
with a radiant heater and substrate holder configuration
as schematically shown in Figure 1. The substrate was
placed with the YBasCu3z0Oj;-x £ilm on the back surface
directly exposed to the radiant heat source, a quartz
halogen lamp. The internal temperature of the heater
was measured with a thermocouple. The output of the
internal thermocouple provides a feedback signal for a
standard temperature controller which controls the power
to the qguartz lamps. This sputtering system is equipped
with two rf magnetron sputtering guns with a 3" (7.6 cm)
diameter YBazCu307-.x target in each gun. The guns are
oriented in an "off-axis"™ configuration to reduce
negative ion bombardment effects on the substrates. The
substrate temperature was raised to about 700 °C at a
rate 15°C/min. and maintained at this temperature during
the deposition of the film by sputtering. The cryo-pump
was throttled to reduce its pumping speed, and a gas
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formng-a crystalline thin filmon the back surface of the substrate to

provi de g.radi-ati on absorbing | ayer exposing directly only rface
Fosiiery °7 PERARARGuSY

of the su e., the surface of theqgubstrate oppos surface
on which the thin filmis deposited, to radiation froma radi ant heat
sour ce therebysiwatdMt ha spukecrat & .69 1Be sesnderl grubdich t enperature and

ur i ng 1 he. depGelEItsr G /PHELES nSrfy Bp CEO SerhC bl WER LETRELEECLD) i g

any nethod, e.the systepuipressuge tas@POaptarkofi26 el Brr.at Toe, rf

met al | o- or gani ﬁ#ggg v koG4t AP oo i § agy ot her
t echni que. §p. e s%lsr}tsr g{égren%?%?tthpanggargg? ‘?%Jﬁh?r a(ﬁ)g{)i on of the
radi ant hedt s#RERD tQ RBPBRAE $her 548 GPnfhe ThbStFeswited dBafed with a

| ayer of natergépod fr 206 Wt d F aaduat 260 Avhor (29 rddikhoxpesthe to the
radiation. Thig absoffl N9 AR §didh GBRICUBE S8AF CAMBUM 35 nblids.
The rf power and gas flow was turned off . The system
was then backfilled with pure O at a pressure of 200
10 torr (2.67x10% Pa), and the substrate was cooled to room
temperature at a rate of 15°C/min. The substrate was
then removed from the system. The product is a
substrate with YBasCu3Oj-x thin films on both sides.
The inductively measured superconducting transition
15 of the film produced by the in-situ method of this
invention is shown in Figure 2. The value of T, about
90 K, as well as the narrow 1-2 K width of the "
superconducting transition are indicative of a very high
quality film. The film on the back surface of this
20 substrate also has a T of about 80 K and a very narrow
superconducting transition as shown in Figqure 2. The
fact that the film on the back surface of the substrate
was not degraded by the heating process shows that this
technique can be used to produce high guality in-situ
25 grown films on both sides of a LaAlO3 substrate.

30
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of the thin filmprepared in-situ using the proocess of this invention.

- This ‘i nvention_t pri{N for preparing thin fi

conmpounds %8’1‘&#3 elimunaﬂ""m\uﬂ[ﬁﬂmmeraturﬁs e.g., hi gh@ﬁﬁ%?'eﬂ’wa

super conducti ng oxi des,* oA opposite sides of a substrate. The two thin
films can be of the same conmpound. Superconducting filns on both sides of a
pl anar -substrate would be especially useful for certain mcrowave :
applications with one plane serV|ng as thEL§ﬁ¥§nmipHane and the ot her
patterned to for mphe Ré NG X och Jg:crowave circuit. The thin
filmon the back surface of the substrate is deposited first and can be
deposited by any nethod, e.g., by sputtering, |aser ablation, evaporation,
met al | o- or ganbc chenidalAvapocedepﬁertdcpos#nxng pymw&ysatlbmea#hdnnﬂﬂﬁm

technique. The 4f s compound requiring elevated growth temperatures
onto a surface of a substrate having a front surface and
a back surface comprising exposing the back surface of
said substrate to radiation from a radiant heat source
10 to heat said substrate to a predetermined growth
temperature, and, while maintaining said radiation,
depositing said thin f£ilm onto said front surface.

2. The process of Claim 1 wherein said grcwth
15 temperature is about 100°C to about 900°C.

# 3. The process of Claim 2 wherein said growth
temperature is about 500°C to about 900°C.

20 4. The process of Claim 3 wherein said compound is
an oxide.

5. The process of Claim 3 wherein said oxide is a
high temperature superconducting oxide.

25
6. The process of Claim 5 wherein said high
temperature superconducting oxide is MBazCu3Oq-x ,
wherein M is Y or a rare earth metal and x is from about
0 to 0.3.
30

7. The process of Claim 6 wherein said thin film is
deposited by sputtering.

8. The process of Claim 1 wherein the substrate is
35 transparent to said radiation of said radiant heat
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filmon the other surface of the substrate, i.e., the front

5.

surface of the.subs‘ﬂﬂ mm‘ Euﬂed using the in-situ method of this
i'nvent i oWO 92/10857 . | ON OR3THE DRAWNGS 5 PCT/B591/0904) i S

a schematic drawi ng showi ng one way of

source and said back surface of said substrate is coated
with a layer of material to absorb said radiation prior
. to said exposure.

5 9. The process of Claim 8 wherein said growth
temperature is about 100°C to about 900°C.

10. The process of Claim 9 wherein said growth
temperature is about 500°C to about 900°C.
10
11. The process of Claim 10 wherein said
compound is an oxide.

12. The process of Claim 11 wherein said oxide is a
15 high temperature superconducting oxide.

13. The process of Claim 12 wherein said high
temperature superconducting oxide is MBazCu3O7-x ,
wherein M is Y or a rare earth metal and x is from about

20 0 to 0.3.

14. The process of Claim 13 wherein said thin film
comprised of MBayCu309.x is deposited by sputtering.

25 15. The process of Claim 14 wherein said substrate
is comprised of a single crystal of LaAlOs.

16. A process for depositing a first crystalline
thin film onto a first surface of a substrate, and a
30 second thin film onto & second surface of said
substrate, said crystalline thin films being the same or
different and comprised of compounds requiring elevated
growth temperatures, said process comprising
(2) forming a crystalline thin film of a first
35 compound on the first surface of said substrate,
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practicihg the in-situ roces I nventi on. Figure 2 shows the
nmeasur ed superconduct ﬂ n for YBa[err]Cu[err]Oerr] filns on
t he front Wa@2088% inch {42. 5 cn) squar e RGIXUSPHI0PQ47

substrate. 10 DETA|LED DESCR|PT|CN OF THE |NVENT|CN
For brevity, the surface,of the substr ' n filmis
deposited by the in-situ®toRe e £33 Fﬁvgﬁff?ﬁFvﬁ$n referred to

herein as the "fsuobstrate sa:mitm:’ﬁhmj saiel thiist fals. féﬁ'mcb[ip'()s(lat)etgurface of
e L erubstrateadlhtale 25LPIS SdCHRR B0uEEE EREKIY neatlltbace of

t he substrate. des are conpoun p05|ted by
the met hod of thﬁélﬁnﬁﬁkﬁﬂ%ﬁFe(§°[ﬁhq|§ﬁ9%%h tﬁﬂBFEéF“re °fzﬁw§QH%§ hi gh

tenperature ssipeeeRpOURd) rw Q%ixdeﬁxlﬁ‘xﬂ(&f athi%Q iVBﬁﬁeﬁé]@t[ﬁd]oﬂ thre]

wherein Mis Y or _a rare taI froqﬁpmn g

variOUS-Bi-basedSSSBﬂg Suf ace F 'sai substrate, and, mazntalnln
said radiation, depos1t1ng said second thin.film of said

second compound.

t he

10 17. The process of Claim 16 wherein the substrate is
planar and said thin films are deposited on opposite
sides of said planar substrate.

18. The process of Claim 17 wherein said growth
15 temperature is about 100°C to about 800°C.

19. The process of Claim 18 wherein said growth
temperature is about 500°C to about 900°C.

20 20. The process of Claim 19 wherein said compound of
said second thin f£ilm is an oxide.

21. The process of Claim 20 wherein both of said
compounds are oxides.
25
22. The process of Claim 21 wherein said oxides are
high temperature superconducting oxides.

23. The process of Claim 22 wherein said high
30 temperature superconducting oxides are the same high
temperature superconducting oxide.

24. The process of Claim 23 wherein said high
temperature superconducting oxide is MBa2Cu307-x, wherein
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oxi des , the various T1-based copper oxides, the m xed Bi - Tl - based
copper oxi-des and tl'lmmﬁlﬂﬂﬂlﬂﬁ“mmr ng oxi des substituted with Pb and
ot her sUWet92rio8sts. ‘& ! trate can be any substpearaisyurdoplt e for
t he growth of the particllar cdompound. 1&nit cell par aneters,
t her mal expansj on agld | ack of reacti ound are

t

tth , t
consi der ati ons tHatt Ak lférz?d&{aéé‘iag‘gtgﬁ 2ng, ’él‘f’tfbge‘r?é‘og‘ggﬂﬁspré?e.

Substrates use@.3uccessfully 30 wth other processes for the deposition of

a particular conmpound wi Il be useful for the deposition of
crystalline thin filns of the same conpound using the process of the
i nventi on. 25. he presesst ofi Sladnt 24 Wiexpire@aig sgpontinghine 35

back surfage ofiimeisugdaited By agudteeingl om a

26. The process of Claim 25 wherein said substrate
is comprised of a single crystal of LaAlO3.

10
15
20

25
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An improved in-situ process is provided for depositing on a substrate a crystalfine thin film of a compound requiring an
growth temperature, i.c., a growth temperature of about 100 *C to about 900 °C. The improvement.comprises exposing
ack surface of the substrate, i.c., the surface of the substrate opposite the surface on which the thin film is deposited, to radia-
from a radiant heat source, thereby heating the substrate to the desired growth temperature, and maintaining the radiation
hereby the desired growth temperature during the deposition of the thin film,

i




tenperature at which growth of the conpound w Il occur. Many conmon
substrates such as sapphire and quartz 10 which are used for thin film
growt h w@9rmessgparent to the radiation from a radi antPCRUSIHOW4TE.

Ther ef or e, prior to heating and filmgrowh, it is necessary to

coat the back surface of a transparent substrate with a radi ati on
absorbing layer to absorb the radiatio y 15 material that absorbs the
radi ati on can be used, al t hough it referred to use a materi al
havi ng t he sanme em ssivity as that of the thin film conpound to be
deposited on the front surface of the substrate. This i nvention

al so provides, for the first time, a 20 process ffor depgsiting crystalline
thin filnm on two sides of a substrate wth ine thin filns
bei ng conprised of the sane or different co ™N0g el evat ed
growt h tenperatures. The process

NN |/ v
\\M’ ‘:;7 l‘q:
T
~
|
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conprises the followi ng steps. A crystalline thin film25 of the desired
conpound is fornmed on one surface of the substrate. The thin filmcan
be deposiwor/pogsany nmet hod, e.g., by sputtering, |aserCIsUS91/09047
evaporation, netall o-organic chem cal vapor depositon, spray pyrolysis
or any other technique. The surface of 30 the substrate containing the thin
film the back surface, is exposed tg/ di ation froma radi ant heat
source thereby heating the substrate to t esired growt h tenperature
of the desired conpound of the second thin filmto be fornmed on a
second surface of the 35 substrate, the front surface, and this exposure is
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7 mai nt ai ned during the deposition of the second thin film so t hat

the tenperature of the substrate is maintained at the desiggg owt h
‘tenper at W@92/108§7s second thin filmcan be al so be depS&GHE3IY y
nmet hod, e.g., by 5 sputtering, |aser ablation, evaporation,
met al | o- organi c chem cal vapor deposiego spray pyrolysis or any other
technique. The two thin filnms can both b /(Eprised of
super conduct ori ng conmpounds, hi gh tenperature
©
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& super conducti ng conpounds or the same-high tenperature 10 superconducting
iR— gagpound Figure 1 is a schematic dpqmﬁn §h0MAng one way of
. o

3 tici ocess of the |nven<|hﬁ"lhv£&;kthﬁs ‘enbodi nent ,
there is m @H‘“L W\\mposml ng thin

i ['ison TWo Sulstir at es

simul tan two*15 substratges 1 arp pl acedrnoggbstriate hol di ng
openings in an encl osure 2 contalning a radi ant heat squrice 3, one

for each substrate. |If the substrates are tyansparent—-——to0 ithe radi ation
fromthe radi ant heat sources, S<LABMSrbing |ayers will havd been
dep05|tedm9n;hﬂgghag__ggggg_gigg@@@_gggch substTare bef'6ré They are placed
in the encl osure 2, and the substrates are placed in the hol ders so
that the sides of the substrates with the absorbing | ayers are facing

t he radi ant heat. soumresess ofCHbpaxisisguihesityg dromysowl st eri ng guns
41s éhethin film of a compound requiring elevated growth
temperatures of from about 100°C to about 900°C onto a
surface of a substrate having a front surface and a back
surface comprising exposing the back surface of said
substrate directly to radiation from a radiant heat
10 source to heat saild substrate to a predetermined growth
temperature, and, while maintaining said radiation,

“ depositing said thin film onto said front surface.

3. The process of Claim 1 wherein said growth .
15 temperature is about 500°C to about 900°C,

4. The process of Claim 3 wherein said compound

is an oxide.

20 5. The process of Claim 3 wherein said oxide is a

high temperature superccnducting oxide.

6. The process of Claim 5 wherein said high
temperature superconducting oxide is MBazCu3z0O7-x ,
“ 25 wherein M is Y or a rare earth metal and x is from about
0 to 0.3.

7. The process of Claim 6 wherein said thin film
is deposited by sputtering.
30
8. The process of Claim 1 wherein the substrate
is transparent to said radiation of said radiant heat
source and said back surface of said substrate is coated
with a layer of material to absorb said radiation prior .

35 to said exposure.
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" deposition
'e heiyadi ant heat
source and substrate hol der 2. the @onpénéribgs- |sRen |-n Fi gufel1l are

situated in a m systemin order to car ry out 3SR 686 ng. | 30
The i n- jm‘m ‘M“‘\Z & hin filmof the high ltenperature | |
super co alerr]Cuferr] Qeﬁ] wheriein M T7i87Y o a rare

earth netal and X is fromabout O to 3, can.be.carried .out. las

25 method of deposition shown in the fi'gure al t‘hn@ wg’qrﬂly4r ,
techni gue coul d be used. Means are provided .**,: ?ﬁﬂg

follows. Single crystal LaAl (Jerr] substrates are preferred and are
prepared by depositing 35 a radiant heat absorbing |ayer on the back
surface of 9. The process of Claim 8 wherein said growth

temperature is about 100°C to about 900°C.

5 10. The process of Claim 9 wherein said growth
temperature is about 500°C to about 900°C.

11. The process of Claim 10 wherein said compound
is an oxide.
10
‘B 12. The process of Claim 11 wherein said oxide is

a high temperature superconducting oxide.

13. The process of Claim 12 wherein said high ¢
15 temperature superconducting oxide is MBazCu3z0O7-x ,
wherein M is Y or a rare earth metal and x is from about
0 to 0.3.

14. The process of Claim 13 wherein said thin film
20 comprised of MBazCu307-x is deposited by sputtering.

15. The process of Claim 14 wherein said substrate
is comprised of a single crystal of LaAlOs3.

25 16. A process of depositing in-situ a first
crystalline thin film onto a first surface of a
substrate, and a second thin film onto a second surface
of said substrate, said crystalline thin films being the
same or different and comprised of compounds requiring

30 elevated growth temperatures of from about 100°C to
about 900°C, said process comprising

{a) forming a crystalline thin film of a
first compound on the first surface of said substrate,
{b) exposing the first surface of said .
35 substrate containing said thin film formed in (a)
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the substrate. One choice for the.ahsorQi ng | ayer.d. $ a thin

f|In1 hi ck, of NBa[err]@h[érr]C{éhr] s 1t is§ not

essen “ml %“L "H“Hsorber | ayer fibtmbe NMBgjf,err] Cu[err] Oerr] si nce
er Ica sor bs radiant heat from5 radiation source w thout

degradatlon woul d be acceptable. This choice, however, enables the

production of a planar substrate with NBbferr]Cu[err]C{err] thin filnms

on both sides. The first MBa[err]Cu[err]Jerr] filmis deposited on the

back surface ofrébelgubstratieatid® from a radiant heat source thereby
heating said substrate to the growth temperature pf a
second compound, a thin film of which is to be formed on
the second surface of said substrate, and, while
5 maintaining said radiation, depositing said second thin

film of said second compound.

17. The process of Claim 16 wherein the substrate
is planar and said thin films are deposited on opposite
10 sides of said planar substrate.

% 19. The process of Claim 17 wherein said growth
temperature is about 500°C to about 900°C.

15 20. The process of Claim 19 wherein said compound

of said second thin film is an oxide.

21. The process of Claim 20 wherein both of said
compounds are oxides.

20
22. The process of Claim 21 wherein said oxides
are high temperature superconducting oxides.
._‘ 23. The process of Claim 22 wherein said high

25 temperature superconducting oxides are the same high

temperature superconducting oxide.

24, The process of Claim 23 wherein said high
temperature superconducting oxide is MBazCu307-x, wherein

30 M is Y or a rare earth metal and x is from about 0 to
0.3.

25. The process of Claim 24 wherein said second
thin film is deposited by sputtering. -
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JO surface of the substrate to be directly exposed to the radi ati on
from the radi ant heat source. This fqrhﬂ%ah .**yibe préhdftd by any
tet:hn”mmm,jm ,athinfilm} :ef yBajiéri]QiferrlQerr] can be
epos wm ation of Y, *BaF[err!’, ahd QU if the Y:Ba:Cu
tomc ratid off 152:8 15 fol | owed by a wet Jerr] anneal at 800-850[err]C
s descri bed by P. M Mankiew ch etial., Appl. Phys. Lett. 51, 1753
(1987). Filnms produced with this technique have transition

tenperatures, T[ersg's, T Bﬂ-oggs%( ﬁ?dc£%¥¥n&]5 w .{SéP"{Vaé’&é “rate

resistance, i,e., ten tipges | ower K and 20

substrates ertHSMRHSEdRhn @ S‘n?r]iq rﬁ@fSt\aéa[%fr A Brr ] O err] on the back
surface, are then | oaded into the substrate holder as shown in Figure
1. Quartz hal ogen | anps are the preferred radi ant heat sources

when depositing filnms of MBa[err]Cu[err](Jerr] because these lanps 25 are
particulafly well suited for operation in the high

10
15

20

25

30
This Sheet Has Been Replaced

LT

35



Hosregd HweS
pressures of oxygen which are useful in growi ng the "
MBa[err]Cu[err]derr] films. The substrates are heated up to about
700[err]C with the quartz |anps. For deposition by sputtering,
of f-axis sputtering using two sputter guns 30 is preferred, as shown in
Fi gurevi. Each sputter.gun , contains a spuyterlng target of N

st oi chifonetric Y@a[err]CULerr]C{eqr] / The onseﬁ of* >
superconductivity T[err] in superconducting films can det’erni ned b%
using an ac circuit to detect 35 inductance cﬁanges in a sensing coil -
which is

IITLE (rhefar

PROCESS FOR DEPOSITING HIGH TEMPERATURE
SUPERCONDUCTING OXIDE THIN FILMS
BACKGROUND OF THE INVENTION
Eield of the Invention

This invention relates to a process for ‘producing
thin films of high'temperature superconducting oxides
and other materials requiring high growth temperatures.
10 Refexences

The discovery of superconductivity at temperatures
above 77 K, the boiling point of liquid nitrogen, in
oxides such as YBasCu3zOq.x has stimulated a great deal of
work over the past four years. Examples of other high

15 temperature superéonducting copper oxides which have
been discovered during this period are the various Bi-
based copper oxides , the various Tl-based copper
oxides, the mixed Bi-Tl-based copper oxides and these
superconducting oxides substituted with Pb and other
20 substituents.

Much of the work relating to the use of these high
temperature superconductors (HTSC) in microelectronic
applications has been focused on the growth of high
quality thin films. At microwave frequencies, 1-100
GHz, high quality superconducting thin films can have
significantly lower values of surface resistance than
copper or gold films. This low surface resistance is
important for making high-performance thin £ilm

microwave circuits such as filters, resonators, and
30 delay lines.

25

HTSC thin-films have been prepared by a number of
deposition methods including evaporation, sputtering,
laser ablation, and metallo-organic chemical vapor
deposition (MOCVD), see, for examﬁle, R.W. &imon, Solid

35 State Technology, p. 141, September, 1989 and J.




I nductively coupled to the sanple. The transition from a

non- super conducting state to a superconducLLng_state __is detected by
slowy varying the tenperature and nmnwtpTL vthe esonant frequency.
When the sanple 5 passes through the trans+f+en?;a.raphd change in the
resonant frequency occurs and the trans]tionTLEﬁFerature can be

det er m ned. EXAMPLE OF NNENTHCN A pl anar
substrate with YBa[err]Cu[err]derr] tmhn:iJLnB

S ..‘.._,_,c

p
Talvacchio et al., SPIE Procéedtngs Vol 1292, published
by SPIE Bellingham, WA, (1990). 1In all of the thin film
deposition processes for HTSC oxide materials, the
substrate temperature is a critical parameter in

5 determining the film quality. When the temperature of
the substrate onto which the thin f£ilm of ¥YBaaCu3Oy-x is
beirig deposited is low, i.e., less than about 400°C ,
the resulting film is amorphous and insulating. A higﬁ—
temperature post-deposition anneal at 800-900°C in

10 oxygen is required to convert the amorphous precursor
film into a superconducting film with the correct
crystal structure. This two-step process is referred to
as a "post-anneal" process. However, under proper
deposition conditions when a thin-film of YBazCuiO7-x is

15 deposited on a hot substrate,'i.e;, one at a'temperature
of about 550-750°C, the resulting thin-£film is
crystalline and superconducting directly as deposited.
This process is referred to as an "in-situ" process.

_ Films prodtced by an in-situ process have less surface

20 roughness and generélly superior properties when
compared to films from a post anneal process. The
in-situ deposition process has the added advantage of
lower processing temperature requirements which makes
the process compatible with a wider variety of substrate

25 materials. 1In-situ processes based on laser ablation
and sputtering have-béen found to produce high quality
thin £ilms of YBazCu3O7-x on various substrates.

All in-situ processes require a method of heating
substrates uniformly and reproducibly to the required

30 deposition temperature. At the present time, the best
methods for Y;BasCu30j.x thin £ilms involve direct
thermal and mechanical anchoring of the substrates to a
heated block as discussed in R. W. Simon, SPIE
Proceedings Vol. 1187, p 2, edited by T. Venkatesan,

35 opublished by SPIE Bellingham, WA, (1989). The heated
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10 deposited on both sides was prepared in the follow ng manner. A 1

inch (2.5 cm square [100] oriented single crystal LaAlJerr] substrate
0.5 mmthick was cl eaned by the foll ow ng process. The substrate was
flooded with trichlorotrifluoroethane and nethanol and scrubbed with 15
a textured cloth. It was then spray rifised with de- I oni zed water and
dried with nitrogen. The substrate s next soaked in sulfuric acid for

10 m nutes apddciiehhust uerrm&aaeefla ﬁa‘!‘@i’:ﬂl b@ﬁ& {9 conpatistales wieh t hen
ri nsed wi t h i sopropano ripsed w

ra -ioni zed, wat.er, and 20
bl owdri ed w&h OXYSER HW@PQ&Qﬁl g?‘ﬁg@ﬁs g the qenAugt iV Y, anspar ent
to the radi atsumh e=cthilokeleat Simplet fechahsitabt elﬂnpling of tihecrefore

Sorciran s Ay o S BINGY M BEBOS G SO
thin 25 Hil ks M%G&#ﬁaﬂd@t 1aEgehHaseBi ﬁgbﬁﬁ!?ﬂ?&lbm

subtrate breakage. Good thermal contact between the

substrate and the block is usually provided.by. a

compound with high thermal) conductivity such as silver

paste. However, this introduces the complication of

10 removing the paste from the back of the substrate
usually by polishing or etching. 1In addition, the
direct thermal contact method is not compatible with the
deposition of an in-situ f£ilm on both sides of the
substrate. The thermal contacting compouhd can interact

15 with the £film on the back surface of the substrate and
the compound is difficult to remove without damaging the
£ilm underneath.

The ability to deposit high quality superconducting
thin £ilms on both sides of a substrate is important for

20 certain microwave circuit applications in order to
improve performance and reliability. The £ilm on one
side of the substrate would serve as the ground plane
while the film on the other side would be patterned into
a microwave circuit. This invention provides a non-

25 contact method of heating substrates to elevated
temperatures for the purpose of depositing crystalline
thin £ilms of compounds, particularly £ilms of high
temperature superconducting oxides, requiring elevated

growth temperatures on one or both sides of the
30 substrate.

SUMMARY OF THE INVENTION
This invention provides an improved in-situ process
for depositing on a substrate a crystalline thin £ilm of
a compound requiring an elevated growth temperature,
35 4i.e., a growth temperature of about 100°C to about
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YBa[err]Cu[err](err] and it was forned as follows. The cl eaned

substrate was | oaded into a turbonol ecul ar punped vacuum chanber with
a base pressure of |ess than 8x10[err] nbar (8x10[err] Pa). Y,

BaF[err] and Cu were co-evaporated onto the 30 unheated LaAl (err]
substrate at the appropriate rates to give an atomc ratio of Y:Ba:Cu
of 1:2:3 in the deposited film Thé total deposition rate at the

substrate was 2$§§; 2 Alsec (0.2 g#;eg%g Y and Cu wer é&iron beam
evaporated fro Fr atThe RROCESS claddy HéFE“Eoﬁ?Fo#?EEF
Leybol d- Her aesusal cbmpotnd requiring a growth temperature of about 500°C

to about 900°C and therefore is especially useful for

depositing a £ilm of an oxide, e.g., 2 high temperature

S superconducting oxide. The improvement comprises

exposing the back surface of the substrate, i.e., the

surface of the substrate opposite the surface on which

the thin £4ilm is deposited,'to-radiation from a radiant

heat source thereby heating the substrate to the desired

10 growth temperature and maintaining the radiation (and
thereby the desired growth temperature) during the
deposition of the thin f£ilm. Deposifibn can be carried
out using any method, e.q.;'by sputtering,'lase:
ablation, evaporation, metallo-organic chemical vapor

15 depositon, spray pyrolysis or any other technique.

When the substrate is transparent to the radiation
of the radiant heat source, the back surface of the
substrate is coated with a layer of material to absorb
the radiation prior to the exposure to the radiation.

20 This absorbing material can be the same compound as that
of the thin film prepared in-situ using the proocess of
this invention. This invention thus provides a process
for prepa;ing thin films of compounds requiring elevated
growth temperatures, e.g., high temperature

25 superconducting oxides, on opposité sides of a
substrate. The two thin films can be of the same
compound. Superconducting £ilms on both sides of a
planar -substrate would be especially useful for certain
microwave applications with one plane serving as the

30 ground plane and the other patterned to form one or more
elements of a microwave circuit. The thin £ilm on the
back surface of the substrate is deposited first and can
be deposited by any .method, e.g., by sputtering, laser
ablation, evaporation, metallo-organic chemical vapor

35 depositon, spray pyrolysis or any other technique. The
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10 Sentinel 111 electron inpact em ssion sensors. BaF2 was
thermal |y evaporated froma covered nol ybdenum boat and the rate was

controlled with a quartz crystal evaporation nonitior. The
co-evaporation was carried 5 out in the presence of oxygen at 1x10[err]
nmbar ((1x10[err] Pa). The total filmthickness was about 4500 A (450
nm. The substrate containing the gyaporated filmwas then placed

in a standard quartz-1lined tube furnace. The furnace was heated to 850C

gtbglfate of £abaUbn28febEnePdshPeadl of i tHe VEiSbstrated, @SN theor med by
u 'ng oxy%%gnt surface of the substrate, is depositgd using the

in-situ method of this invention.

BRIEF DESCRIPTION OF THE DRAWINGS

5 Figure 1 is a schematic drawing showing one way of
practicing the in-situ process of the invention.

Figure 2 shows the measured superconducting
transition for YBazCu3zOy.x £ilms on the front and back
surfaces of a 1 inch (2.5 cm) square LaAlO3 substrate.

DETAILED DESCRIPTION OF THE INVENTION

For brevity, the surface of the substrate on which
the thin £ilm is deposited by the in-situ process of the
invention will be referred to herein as the "“front
surface" of the substrate. The opposite surface of the
substrate will be referred to herein as the “"back
surface" of the substrate.

Many oxides are compounds which can be deposited by
the method of this invention. Of particular interest
are the high temperature superconducting oxides such as
MBazCu3Oq.-x  wherein M is Y or a rare earth metal and x
is from about 0 to 0.3, the various Bi-based copper
oxides , the various Tl-based copper oxides, the mixed
Bi-Tl-based copper oxides and these supe:condncting
oxides substituted with Pb and other substituents.

The substrate can be any substrate suitable for the
growth of the particular compound. Unit cell
parameters, thermal expansion and lack of reaction with
the compound are considgrations that must be addressed
in choosing a substrate. Substrates used successfully
with other processes for the deposition of a particular
compound will be useful for the deposition of
crystalline thin £ilms of the same compound using the
process of the invention.

The substrate is heated by directly exposing the
back surface of the substrate to radiation from a
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t hrough de-i oni

5[err]Cmn to

zed water. The tenperature was mai nt ai ned at 850C for
m nutes, and the film was

15 (about 20[err] Q). The LaAlJerr] substrate with the

YBa[err] Cu[err]
cyr o- punped

gerr] filmon t he back surface was then | oaded into a

vacuum sputter depositionbsystem [Leybol d nodel L560]

with a radi ant heater and substrate hol der configuration 20 as
schemati cal |y stesidant hiaguspurceTisuchulast paguants halogenclammy tah hote

YBa[ err] Cul er r ] £ Rnidnt! idfMEN sk ol ichimercial SyLa¢hl Varied tret 0 the

radi ant heat sour

of the heater

i nternal ther modepge &t doroaieii td drsadbatle sogree &nd the substrawinr d
tenmperature ccong il 5L S GRIY s et th2"Broper amount of
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radiation impinges upon and is absorbed by the substrate
thereby raising the temperature of the substrate to a
temperature at which growth of the compound will occur.

" Many common substrates such as sapphire and quartz
which are used for thin f£ilm growth are transparent to
the radiation_from a radiant heat source. Therefore,
prior to heating and £ilm growth, it is necessary to
coat the back surface of a transparent substrate with a
radiation absorbing layer to absorb the radiation. &any
material that absorbs the radiation can be used,
although it is préferxed to use a material having the
same emissivity as that of the thin film compound to be
deposited on the front surface of the substrate.

This invention #lso provides, for the first time, a
process for depositing crystalline thin £ilms on two
sides of a substrate with the crystalline thin £ilms
being comprised of the same or different compounds
requiting‘eigvated growth temperatures. The process
comprises the following steps. A crystalline thin film
of the desired compound is formed on one surface of the
substrate. The thin £ilm can be deposited by any
method, e.g., by sputtering, laser ablation,
evaporation, metallo-organic chemical vapor depositon,
spray pyrolysis or any other technique. The surface of
the substrate containing the thin £ilm, the back
surface, is exposed to radiation from a radiant heat
source thereby heating the substrate to the desired
growth temperature of the desired compound of the second
thin film to be formed on a second surface of the
substrate, the front surface, and this exposure is

[
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e, uart hal ogen lanp. The |nternal tenperature
Tods,s THE,RdIRnE BPUFC, BasSc B, FEmPARAbIE kD JHa he o5

30

then cooled in dry oxygen at a rate of about
about 500C and then furnace cooled to roomtenperature



to the quartz lanps. This sputtering systemis equi pped wth two rf

magnetron sputtering guns with a 3" (7.6 cn di anet er .
YBa[err]Cu[err](err] target in each gun. The guns are 30 oriented in an
"of f-axis" configuration to reduce negative ion bonbardnent effects on
the substrates. The substrate tenperature was raised to about 700
[err]C at a rate 15[err]C/mn. and mmintained at this tenperature
during the deposition of the filmby sputtering. The cryo-punp 35 was

throttled to nfihtcinds dquiitig'dhePRpositdon @¥Sthe second thin film
so that the temperature of the substrate is maintained
at the desired growth temperature . This second thin
film can be also be deposited by any method, e.g., by
sputtering, laser ablation, evaporation, metallo-organic
chemical vapor depositon, spray pyrolysis or any other
technique. The two thin films can both be comprised of
superconductoring compounds, high temperature
superconducting compounds or the same high temperature
10 superconducting compound. '

Figure 1 is a schematic drawing showing one way of
practicing the in-situ process of the invention. In
this embodiment, there is provision for depositing thin
films on two substrates simultaneously. The two

15 substrates 1 are placed in substrate holding openings in
an enclosure 2 containing a radiant heat source 3, one
for each substrate. If the substrates are transparent
to the radiation from the radiant heat sources,
gbsorbing layers will have been deposited on the back

20

surface of each substrate before they are placed in the
enclosure 2, and the substrates are placed in the |
holders so that the sides of the substrates with the
absorbing layers are facing the radiant heat sources.
Off-axis sputtering from two sputtering guns 4 is the
25 method of deposition shown in the figure, although any
deposition technique could be used. Means are provided
to rotate the radiant heat source and substrate holder
2. The components shown in Figure 1 are situated in a
vacuum system in order to carry out sputtering.
30 The in-situ growth of a thin £ilm of the high
temperature superconducting oxide MBazCu309-x , wherein M
is Y or a rare earth metal and x is from about 0 to 0.3,
can be carried out as follows. Single crystal Lahlos'
substrates are preferred and are prepared by depositing
35 a radiant heat absorbing layer on the back surface of




11 -~ flow of Ar (180 sccm i.e, 180 standard cubic
centineters/mnute) and Jerr] (40 sccm) was used to raise
pressure to 200 ntorr (26.7 Pa). The rf sputter guns were operated with
100 watts of rf power 5 going to each of the two guns. This resulted in a
deposition rate of about 250 [err]/hr (25 nm hr) at the substrate. The
total deposition tinme was about 3 hours. The rf power and gas fl ow was
turned off . The system was t hen backfi Iq

ed with pure Jerr] at a
pressure of 20@p10 gubgtiate. 676ARI EhplcEator ke i ditig Asyernistqol ed 1o

[
oo Cere g et ekt 4 e LBk B keditet € Bt

-x.
essential that this absorber layer £ilm be MBaz2Cu3O7-x

since any material that absorbs radiant heat from
radiation source without degradatiou would be
acceptable. This.chcice, however, enables the
. production of 'a'pl_anar substrate with MBazCugO7-x thin
f£ilms on both sides. The first MBasCu3Oj.x £ilm is
deposited on the back surface of the substrate, the
surface of the substrate.to be directly exposed to the
radiation from the radiant heat source. This £ilm can
be prepared by any technique. For example, a thin £ilm
of ¥BazCu307.x can be depesited'by eo—evaperation of ¥,
BaFz, and Cu in the Y:Ba:Cu atomic ratio of 1:2:3
followed by a t_vet'bz_ anneal at 800-850°C as described by
P. M. Mankiewich et al., Appl. Phys. Lett..5l, 1753
(1987) . Films produeed with this technique have
transition temperatures, Te's, of 91-92 K and low

the system

10

15

microwave surface resistance, i. e., ten times lower than
20 Cu at 80 K and 20 GHz. Two substrates, each with a thin
£ilm of !BazCusoq.; on  the ‘back surface, are then loaded
into the substrate holder as shown in Figure 1. Quartz
‘halogen lamps are ‘the preferred radiant heat sources
when clepos'.tting ﬂlms of MBaaCu30q-x because ‘these lamps
are particularly well suited for operation 4n the high
pressures of oxygen which are useful in growing the’
MBazCu3O7.x £ilms. The substrates are heated up- to about
700° C with the quartz lamps. For deposition by
sputtering, off-axis sputtering using two sputter guns
30 4is preferred, as shown in Figure 1. Esach sputter gun

contains a sputtering target of stoichiometric
YBa2Cu307-x.

25

The onset of superconductivity Tc in superconducting
films can determined by using an ac circuit to detect

35 4inductance changes in a sensing coil which is

T e



then renoved fromthe system The product is a
YBa[err]Cu[err](err] thin filnms on both sides.

measur ed superconducting transition 15 of the filmproduced by the in-situ
met hod of this invention is shown in Figure 2. The value of T[err],
about 90 K, as well as the narrow 1-2 K width of the
superconducting transition are indicative of a very high
The filmon the back surface of this 280 substrate also has a T[err] of
about 90 K and a very narrow superconducting transition as shown in

Fi gure 2. Thinductively coupledictd ithe mangie hadhes draasdtdont AEOBubstrate
was not degrg

dignb GRS dglatc&r{au%u staebni que can
be used to pro§§%e¥%+gﬁcgﬁa$é€$h?n S|tu1§g ns o# both sides of a
LaAl g err] Sg5sg¢§g§ted by slowly varying the temperature and

monitoring the resonant'frequency. When the sample

substrate with
The i nductively

quality film

5 passes through the ¢transition, a rapid change in the
resonant frequency occurs and the transition temperature
can be determined.

A planar substrate with YBasCu3zO9.x thin films
10

deposited on both sides was prepared in the following

manner. A 1 inch (2.5 cm) square [100] oriented single
crystal LaAlO3 substrate 0.5 mm thick was cleaned by the

following process. The substrate was flooded with

trichlorotrifluoroethane and methanol and scrubbed with
15 a textured cloth. It was then spray rinsed with de-

ionized water and dried with nitrogen. The substrate

was next soaked in sulfuric acid for 10 minutes and then

immersed in a water bath. The substrate was then rinsed

with isopropanol, spray rinsed with de-ionized water and
20 Dblow-dried with clean filtered nitrogen.

'LaA103 is transparent to the radiation used to heat
the substrate and it is therefore necessary to deposit
an absorbing layer on the back surface of the substrate.
In order to produce a substrate with YBasCus3O7-x thin
£ilms on both sides, the absorbing material used was
YBasCu307-x and it was formed as follows. The cleaned
substrate was loaded into a turbomolecular pumped vacuum
chamber with a base pressure of less than 8x10-7 mbar _
(8x10~5 Pa). Y, BaF; and Cu were co-evaporated onto the
unheated LaAlO3 substrate at the appropriate rates to
give an atomic ratio of Y:Ba:Cu of 1:2:3 in the
deposited film. The total deposition rate at the
substrate was about 2 A/sec (0.2 nm/sec). Y and Cu were
electron-beam evaporated from separate guns and the
35 rates were controlled with Leybold-Heraeus Inficon

25

30




12 Cl ai s 1. A process of depositing in-situ a crystalline thin film
of a high tenperature superconducting oxide requiring el evat ed
grow h tenperatures of from about 100[err]C to 900[err]C

10

Sentinel III electron impact emission sensors. BaFz was
thermally evaporated from a covered molybdenum boat and
the rate was controlled with a quartz crystal
evaporation monitior. The co-evaporation was carried
out in the presence of oxygen at 1x10-5 mbar (1x10-3 Pa).
The total film thickness was about 4500 A (450 nm). The
substrate containing the evaporated f£ilm was then placed
in a standard quﬁrtz-lined tube furnace. The furnace
was heated to 850°C at a rate of about 25°C/min and the
10 £ilm was in wet oxygen, formed by bubbling oxygen
through de~ionized water. The tempefature was
maintained at 850°C for 30 minutes, and the £ilm was
then cooled in dry oxygen at a rate of about 5°C/min to
about 500°C and then furnace cooled to room temperature
15 (about 20°C). .

The LaAlO3 substrate with the ¥YBazCu307-x £ilm on
the back surface was then loaded into a cyro-pumped
vacuum sputter deposition system [Leybold model L560]
with a radiant heater qﬂd sﬁbstréte holder configuration

20 as schematically shown in Figure 1. The substrate was
placed with the YBapCu30y-x £ilm on the back surface
directly expoéed td the radiant heat source, a quartz
halogen lamp. The internal temperature of the heater
was measured with a therﬁOcouble. The output of the
internal thermocouple provides a feedback signal for a
standard temperature controller which controls the power
to the quartz lamps. This sputtering system is'equippéd
with two rf magnetron éputterihg guns with a 3" (7.6 cm)
diameter YBazCu3O7.x target in each gun. The guns are
oriented in an "off-axis" configuration to reduce
negative ion bombardment effects on the substrates. The
substrate temperature was raised to about 700 °C at a
rate 15°C/min. and maintained at this temperature during
the deposition of the film by sputtering. The cryo-pump
was throttled to reduce its pumping speed, and a gas

25
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onto a surface of a substrate having a front surface and
situated back surface, characterised in

is formed on the back surface

an oppositely
that a crystalline thin film

of the substrate to provide a radiation
absor bing | ayer, only said back surface coated with the radiation

absor bi ng | ayer is directly exposed to radiation froma radi ant heat
source to heat said substrate to a predet®trnm ned growth t enperat ure,
and while maintaining said radiation, said thin filmof a high

t enper at ure E4perednBrciiByY s6FHe 38, 180 ALARGARY LE onto said front
surface. 2cent Ihet O£ 6ZRE/UDE) CAmd N0l (derstiom)t wast Risedf tbnrédseed on the

back surface fe 2,c0aROBPEsL89 {4 P0d Mot f TS e [ Orne rg 97 OWED:

sputter guns were operated with 100 watts of rf power

S going to each of the two guns. This resulted in a
deposition rate of about 250 A/hr (25 nm/hr) at the
substrate. The total deposition time was about 3 hours.
The rf power and gas flow was turned off . The system
was then backfilled with pure Oz at a pressure of 200

10 torr (2.67x10% Pa), and the substrate was cooled to room
temperature at a rate of 15°C/min. The substrate was
then removed from the system. _The product is a
substrate with YBazCu3zO7-x thin £ilms on both sides.

The inductively measured superconducting transition

15 of the £film produced by the in-situ method of this
invention is shown in Figure 2. The value of T¢, about
90 K, as well as the narrow 1-2 K width of the '
superconducting transition aré indicative of a2 very high
quality f£film. The film on the back surface of this

20 substrate also has a Te of abou; 80 K and & very narrow
superconducting transition as shown in Figure 2. The
fact that the film on the back surface of the substrate
was not degraded by the heating process shows that this

technique can be used to produce high quality in-situ
25 grown films on both sides of a LaAlQO3 substrate.




3. ~The process of weither claims 1 and 2 wherein the
substrate is planar and said thin filnms are deposited on opposite

si des of strate. 4. The process-of any-ene. of. the
pr ecedi “IﬂL “ “mma t he films on the front and bdEk stk f; aces are

t he sa tsemper at ur e super conducti ng oxi de; 57" Fhe process of
any one of the precedlng clainms wherein 1xaid hlghﬁtepperature 3
superconducting oxide is MBa[err]Cu[err](err], ! ,mhereln Nfﬁs Y jor a
rare earth nmetal and x is from about 0to 0.3 b ]

5

1. A process for depositing a crystalline thin £film
of a compound requiring elevated growth temperatures
onto a surface of a substrate having a front surface and
a back surface comprising exposing the back surface of
said substrate to radiation from a radiant heat source
10 to heat said substrate to a predetermined growth
temperature, and, while maintaining said radiation,
depositing said thin £film onto said front surface.

2. The process of Claim 1 wherein said growth
15 temperature is about 100°C to about 900°C.

3. The process of Claim 2.wherein said growth
temperature is about 500°C to about 900°C.

20 4. The process of Claim 3 wherein said compound is

an oxide.

5. The process of Claim 3.wherein said oxide is &

high temperature supercondhcting oxide.
25 :

6. The process of Claim 5 wherein said high
temperature superconducting oxide is MBa2Cu3O7.x ,

wherein M is Y or a rare earth metal and x is from about
0 to 0.3.

30

7. The process of Claim 6 wherein said thin £ilm is
deposited by sputtering.

8. The process of Claim 1 wherein the substrate is
35 <transparent to said radiation of said radiant heat

This Sheet Has Been R
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6. The process of any one of the preceding clains wherein sai d
grom h tenperature is about 500[err]C to about 900[err]C. 7 The

process t precedi ng cl ai ns wherein said thin filmis
deposi temlmnmmmuu"rugm 8. The process of any one of the preceding
claims wheregint " 8aitd substrate is conprised of a single crystal of
LaAlJerr]. 13

source and said back surface of said substrate is coated

with a layer of material to absorb said radiation prior
to said exposure.

5 9. The process of Claim 8 wherein said growth
temperature is about 100°C to about 900°C.

10. The process of Claim 9 wherein said growth

temperature is about 500°C to about 900°C.
10

11. The process of Claim 10 wherein said
compound is an oxide.

12. The process of Claim 11 wherein said oxide is a
15 high temperature superconducting oxide.

13. The process of Claim 12 wherein said high
temperature superconducting oxide is MBa2Cu3zO7-x ,

wherein M is Y or a rare earth metal and x is from about
20 0 to 0.3.

14. The process of Claim 13 wherein said thin film
comprised of MBazCuiOy.x is deposited by sputtering.

25 15. The process of Claim 14 wherein said substrate

is comprised of a single crystal of LaAlOsj3.

16. A process for depositing a first crystalline
thin film onto a first surface of a substrate, and a
30 second thin £film onto a second surface of said
substrate, said crystalline thin films being the same or
different and comprised of compounds requiring elevated
growth temperatures, said process comprising

(a) forming a crystalline thin £ilm of a first
35 compound on the first surface of said substrate,




13 source and said back surface of said substrate is coated with a
| ayer of material to absorb said radiation prior to said exposure. 5

9. The pro WMereln said growth tenperature i s about
100[err] C ﬂmﬂb ams\ l

14

(b) exposing the first surface of said
substrate containing said thin £ilm formed in (a) to
radiation from a radiant heat source thereby heating
said substrate to the growth temperature of a second

5 compound, a thin £ilm of which is to be formed on the
second surface of said substrate, and, while maintaining

said radiation, depositing said second thin.film of said
second compound.

10 '17. The process of Claim 16 wherein the substrate is

planar and said thin films are deposited on opposite
sides of said planar substrate.

18. The process of Claim 17 wherein said growth
15 temperature is about 100°C to about $00°C.

19. The process of Claim 18 wherein said growth
temperature is about 500°C to about 900°C.

20 20. The process of Claim 19 wherein said compound of
said second thin film is an oxide.
21. The process of Claim 20 wherein both of said
compounds are oxides.
25

22. The process of Claim 21 wherein said oxides are
high temperature superconducting oxides.

23. The process of Claim 22 wherein said high
30 temperature superconducting oxides are the same high
temperature superconducting oxide.

24. The process of Claim 23 wherein said high
temperature superconducting oxide is MBasCu3z07.x, wherein




10. The process of Caim9 wherein said growh tenperature i s about

500[err]C to about 900[err]C. 10 11. The process of Caim 10
wherein said conpound i s an oxide. 12. The process of Caim
11 wher gy \L‘“ﬂﬁ a 15 high tenperature superconducting oxide.
13. Theﬂmmm ifh 12 wherein said high tenperature

super conducti ng 'oxi’de i s I\/Ba[err]Cu[err]qsiarr], wherein Mis Y or a
rare earth netal and x is fromabout 20 0%o 0.3.

M is Y or a rare earth metal and x is from about 0 to
0.3.

25. The process of Claim 24 wherein said second thin
5 £ilm is deposited by sputtering.

26. The process of Claim 25 wherein said substrate
is comprised of & single crystal of LaAlOj3.




14. The process of Claim 13 wherein said thin film
MBa[err]Cu[err]derr] is deposited by sputtering. 25
of Claim 14 wherein said substrate is conprised of a single crystal of
LaAlJerr]. 16. A process for depositing a first crystalline
thin filmonto a first surface of a substrate, and a 30 second thin film
onto a second surface of said substrate, said crystalline thin filns
bei ng the sane or di fferent and conprised of conpounds requiring

el evat ed growt h tenperatures, saifgprocess conprising

(a) formng a crystalline thin filmof a first

PROCESS FOR DEPOSITING HIGH TEMPERATURE SUPERCONDUCTING OXIDE
THIN FILMS

conpri sed of
15. The process

ABSTRACT

An improved in-situ process is provided for depositing on a
substrate a crystalline thin film of a compound requiring an
elevated growth temperature, i.e., a growth temperature of about
100°C to about 900°C. The improvement comprises exposing the back
surface of the substrate,i.e., the surface of the substrate
opposite the surface on which the thin film is deposited, to
radiation from a radiant heat source, thereby heating the
substrate to the desired growth temperature, and maintaining the
radiation and thereby the desired growth temperature during the
deposition of the thin film.

FIGURE 1




35 conmpound on the first surface of said substrate,

14 _ (b) exposing the first surface of said substrate
containing said thin filmformed in (a) to radi ati on froma radi ant
heat source thereby heating

1/3
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said substrate to the growh tenperature of a second 5 conpound, a thin
filmof which is to be forned on the second surface of said substrate,
and, whil e maintaining said radi ati on, depositing said second thin film
of said second compound. 10 17. The process of Claim 16 wherein
the substrate is pl anar and said thin filnms are deposited on opposite
sides of said planar substrate. 18. The process of Caim17
wherein said gromth 15 tenperature is about 100C to about 900[err]C.

2/3
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19. The process of Claim 18 wherein said growth tenperature i s about

500C to about 900C. 20 20. The process of Claim 19 wherein said
conmpound of said second thin filmis an oxide. 21. The
process of Claim 20 wherein both of said conpounds are oxides. 25

22. The process. of Claim 21 wherein said oxides are hi gh tenperature
super conducti ng oxi des. 23. The process of Claim 22 wherein said
hi gh
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¥

30 ten&eéakﬁﬂéﬂﬂﬂﬂéﬁbo1dbctNhg oxi des are the same hfigh t enp&fature

superc?n uctlng oxi de | 4 24. The process of~C aim 23 wherein said
hi gh Téﬁﬁé?ﬁTUTé“bqferconduct|ng oxide is MBa[err]Cu[err](err],
wherein .. __ >

Talvacchio et al., SPIE Proceedfggs Vol. 1292, published
by SPIE Bellingham, WA, (1990). In all of the thin film
deposition processes for HTSC oxide materials, the
substrate temperature is a critical parameter in
determining the film quality. When the temperature of
the substrate onto which the thin f£film of YBazCu3Oj.x is
beirng deposited is low, i.e., less than about 400°C ,
the resulting film is amorphous and insulating. A high-
temperature post-deposition anneal at 800-900°C in
oxygen is required to convert the amorphous precursor
film into a superconducting film with the correct

crystal'st}ucture. This two-step process is referred to

as a "post-anneal"™ process. However, under proper
deposition conditions when a thin-film of YBazCu3Oq.x is

deposited on a hot substrate, i.e., one at a temperature
of about 550-750°C, the resulting thin-film is

crystalline and superconducting directly as deposited.
This process is referred to as an "in-situ" process.
Films produced by an in-situ process have less surface
roughness and generally superior properties when
compared to films from a post anneal process. The
in-situ deposition process has the added advantage of
lower processing temperature requirements which makes
the process compatible with a wider variety of substrate
materials. In-situ processes based on laser ablation
and sputtering have been found to produce high quality

thin films of YBazCui0O7-x on various substrates.

Appl. Phys. Lett, Vol 57 N°19, pp 2019-2021 discloses a

process for depositing crystalline thin films of YBa,Cu,0, and
LaAlOo, onto a planar substrate by heating the back surface with

a low-voltage Quartz lamp to 760°C and depositing the YBa,Cu,0
and LaAlO, on the front surface.

All in-situ processes require a method of heating

substrates uniformly and reproducibly to the required

deposition temperature. At the present time, the best

methods for Y;BazCuz07-x thin films involve direct
thermal and mechanical anchoring of the substrates to a

heated block as discussed in R. W. Simon, SPIE

Proceedings Vol. 1187, p 2, edited by T. Venkatesan,

Published by SPIE Bellingham, WA, (1989). The heated



15 Mis Y or arare earth netal and x is fromabout 0 to 0. 3.
25. The process of Caim 24 wherein said second thin 5 filmis deposited by

sputtering. 26. The process of Caim 25 wherein said substrate
Is conprised of a single crystal of Livu§1err].

block must be made of a material that is compatible with
an oxygen atmosphere and has good thermal conductivity
such as nickel. Simple mechanical clamping of the
gsubstrates to the block has proven to be unreliable and
is not useful for large area substrates because of
subtrate breakage. Good thermal contact between the
substrate and the block is usually provided.by.a
compound with high thermal conductivity such as silver
paste. However, this introduces the complication of
removing the paste from the back of the substrate
usually by polishing or etchiné. In addition, the
direct thermal contact method is not compatible with the

deposition of an in-situ film on both sides of the

substrate. The thermal contacting compound can interact

with the film on the back surface of the substrate and
the compound is difficult to remove without damaging the
£ilm underneath.

The ability to deposit high quality superconducting
thin £ilms on both sides of a substrate is important for
certain microwave circuit applications in order to
improve performance and reliability. The film on one
side of the substrate would serve as the ground plane
while the film on the other side would be patterned into
& microwave circuit. This invention provides a non-
contact method of heating substrates to elevated
temperatures for the purpose of depositing crystalline
thin films of compounds, particularly £films of high
temperature superconducting oxides, requiring elevated

growth temperatures on one or both sides of the
substrate.

SUMMARY OF THE INVENTION

This invention provides an improved in-situ process for
depositing on a substrate having a front and back surface a
crystalline thin film of a compound requiring an elevated growth

temperature, i.e., a growth temperature of about 100°C to about




4

900°C. The process is especially useful for depositing

& compound requiring a growth temperature of about $00°C
to about 900°C and therefore is especially useful for
depositing a film of an oxide, e.g., a high temperature

superconducting oxide. The improvement comprises
forming a crystalline thin film on the back surface of the

substrate to provide a radiation absorbing layer exposing

directly only the back surface of the substrate, i.e., the

surface of the substrate opposite the surface on which the thin
film is deposited, to radiation from a radiant heat source
thereby heating the substrate to the desired growth temperature
and ni;intaining the radiation (and thereby the desired growth

temperature) during the deposition of the thin film. Deposition:
can be carried out using any method, e.g., by sputtering, laser
ablation, evaporation, metallo-organic chemical vapor deposition,
spray pyrolysis or any other techmique.

The substrate may be transparent to the radiation
of the radiant heat source, the back surface of the
substrate is coated with a layer of material to absorb
the radiation prior to the exposure to the radiation.
This absorbing material can be the same compound as that
of the thin film prepared in-situ using the proocess of
this invention. This invention thus provides a process
for preparing thin films of compounds requiring elevated
growth temperatures, e.g., high temperature
superconducting oxides, on opposite sides of a
substrate. The two thin films can be of the same
compound. Superconducting films on both sides of &
planar -substrate would be especially useful for certain
microwave applications with one plane serving as the
ground plane and the other patterned to form one or more
elements of a microwave circuit. The thin film on the
back surface of the substrate is deposited first and can
be deposited by any method, e.g., by sputtering, laser
ablation, evaporation, metallo-organic chemical vapor

depositon, spray pyrolysis or any other technique. The
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Claims

1.
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A procesgs of depositing in-situ a crystalline thin f£ilm of
a high temperature superconducting oxide requiring
elevated growth temperatures of from about 100°C to 200°C
onto a surface of a substrate having a front surface and
an oppositely situated back surface, characterised in
that a crystalline thin £ilm is formed on the back surface
of the substrate to provide a radiation absorbing layer,
only said back surface coated with the radiation absorbing
layer is directly exposed to radiation from a radiant heat
source to heat said substrate to a predetermined growth
Egmperature, and while maintaining said radiation, said
thin film of a high temperature superconducting oxide is
deposited only onto said front surface.

The process of claim 1 wherein the thin f£film formed on the
back surface is a compound requiring high temperature for
growth.

The process of either c¢laims 1 and 2 wherein the
gubstrate is planar and said thin films are deposited on

opposite sides of said planar substrate.

The process of any one of the preceding claims wherein the
films on the front and back surfaces are the same high

temperature superconducting oxide.

The process of any one of the preceding claims wherein
said high temperature superconducting oxide is MBa,Cu,0,_,.,
wherein M is Y or a rare earth metal and x is from about
0 to 0.3.

The process of any one of the preceding claims wherein
said growth temperature is about 500°C to about 900°C.

The process of any one of the preceding claims wherein

said thin film is deposited by sputtering.

The process of any one of the preceding claims wherein

said substrate is comprised of a single crystal of LaAloO;.



